The interaction of Procaine hydrochloride (PC) with cationic, anionic and non-ionic surfactants; cetyltrimethylammonium bromide (CTAB), sodium dodecyl sulfate (SDS) and triton X-100, were investigated. The effect of ionic and non-ionic micelles on solubilization of Procaine in aqueous micellar solution of SDS, CTAB and triton X-100 were studied at pH 6.8 and 29˚C using absorption spectrophotometry. By using pseudo-phase model, the partition coefficient between the bulk water and micelles, K x , was calculated. The results showed that the micelles of CTAB enhanced the solubility of Procaine higher than SDS micelles (K x = 96 and 166 for SDS and CTAB micelles, respectively) but triton X-100 did not enhanced the solubility of drug because of weak interaction with Procaine. From the resulting binding constant for Procaine-ionic surfactants interactions (K b = 175 and 128 for SDS and CTAB surfactants, respectively), it was concluded that both electrostatic and hydrophobic interactions affect the interaction of surfactants with cationic procaine. Electrostatic interactions have a great role in the binding and consequently distribution of Procaine in micelle/water phases. These interactions for anionic surfactant (SDS) are higher than for cationic surfactant (CTAB). Gibbs free energy of binding and distribution of procaine between the bulk water and studied surfactant micelles were calculated.
Introduction
Surfactants are amphiphilic molecules, consisting of both hydrophilic and hydrophobic regions. These substances are known to play a vital role in many processes of interest in both fundamental and applied sciences. One important property of surfactants is the formation of colloidal-sized clusters in solutions, known as micelles, which have particular significance in pharmacy because of their ability to increase the solubility of sparingly soluble substances in water [1] . Micelles are known to have anisotropic water distribution within their structure.
In other words, the water concentration decreases from the surface towards the hydrophobic core of the micelle. These aggregates exhibit an interfacial region separating the polar bulk aqueous phase from the hydrocarbon-like interior [2] . As a consequence, micellar solutions consist of a special medium in which hydrophobic, amphiphilic or ionic compounds may be solubilized and reagents may be concentrated or separated in aqueous solution [3] . Moreover, the spatial position of a solubilized drug in a micelle will depend on its polarity: non-polar molecules will be solubilized in the micellar core and substances with intermediate polarity will be distributed along the surfactant in certain intermediate positions [4] .
Spectrophotometric study of interaction and solubilization of procaine hydrochloride in micellar systems
Surfactant micelles have been widely utilized as an approach to increase the water solubility of many pharmaceutical substances that represents a formidable problem in formulation of an acceptable dosage form [5] [6] [7] [8] [9] . Surfactant micelles and lamellar phases also have been used as mimetics for biomembranes, because one of the major components of membrane, lecitithins, is in fact surface active materials [6, [10] [11] [12] . Micelles are an even more simplified model of biomembranes, because they do not posses a bilayer structure, and have in many cases an approximate spherical, rather than lamellar, form. But the presence of polar and hydrophobic regions in their structures allows one to study the affinity of small molecules to these essential characteristics of membrane systems [13] . The physical and chemical interactions of drugs with surfactant micelles can be visualized as an approximation for their interactions with biological surfaces. This provides an insight into more complex biological processes, such as the passage of drugs through cell membranes [10] . An important and fundamental event in the interaction of drugs with biological tissues at the molecular level is their binding to membranes. This is an important issue because it relates to the mechanism of drug action [14] . Many local anesthetics in clinical use are basically tertiary amines which exist in both a neutral and a cationic form at physiological pH. Both forms apparently have different biological activities, but the mechanism of anesthetic action is still unclear. Whether the mode of action is the specific binding to membrane proteins or the nonspecific adsorption to membrane lipids is uncertain, but anesthetic potency is well correlated with partition of anesthetics into membrane [15, 16] . So far phospholipids bilayer membranes are often used to probe the mechanism of anesthetic action [18] [19] [20] [21] . Few studies have been reported regarding the interaction between micelles and local anesthetics and there are no reports regrarding the interaction of anionic and cationic surfactants micelles with procaine [22] [23] [24] [25] [26] [27] . In this work, the effect of micelles of sodium dodecyl sulfate, cetyltrimethylammonium bromide and Triton X-100 ( Fig. 1) on the spectroscopic properties of local anesthetic drug (procaine, Fig. 1 ) is described. The absorption spectrophotometry was used to quantify the PC/micelle binding constant and micelle/water partition coefficient for both ionic surfactant micelles, by applying the mathematical models that consider partitioning of the drug between the micellar and aqueous pseudo-phases. 
Experimental Procedures

Chemicals and instruments
Cetyltrimethylammonium bromide (CTAB) and sodium dodecyl sulfate (SDS) were obtained from Sigma Chemical Co. Triton X-100 was purchased from Fluka Chemical Co. All the salts (from Merck) were of the highest purity and used without further purification. Pure procaine hydrochloride (PC) powder was purchased from Merck Chemical Co. All pH measurements were made at 29˚C, using Metrohm 744 (Switzerland) pH meter. Absorption spectra were recorded on a Perkin-Elmer Lambda 25, double-beam ultra violet and visible (UV-vis) spectrophotometer with 1.0 cm quartz cuvettes at 29˚C. Double distilled water was used for preparation of phosphate buffer solution.
The procaine and surfactant solutions were prepared using 0.01 M, phosphate buffer solution (pH = 6.8), which was adjusted for pH and ionic strength.
Methods
Stock solutions of CTAB, SDS (1 × 10 -1 M) and Triton X-100 (1 × 10 -2 M) were prepared by dissolving appropriate amounts of the surfactants in buffer solution. The variable absorbance of the Procaine (1 × 10 -5 M) /surfactant (variable concentration) solutions was recorded at 291 nm using buffer solution as a blank.
Spectrophotometric study of interaction and solubilization of procaine hydrochloride in micellar systems Drug/micelle binding constant and micelle/buffer solution partition coefficients were calculated based upon the absorbance at λ max of a series of solutions containing a fixed concentration of procaine hydrochloride (C PC = 1 × 10 -5 M) and variable concentrations of surfactants.
Results and Discussion
From the Procaine absorption spectra, the addition of surfactants (stock concentration of surfactants were 1 × 10 -1 M for SDS, CTAB and 1 × 10 -2 M for Triton X-100) show a significant bathochromic shift (from 291 nm to 299 nm) (see Fig. 2 ). This shift indicates that Procaine interacts with SDS and CTAB. The increase in absorbance values with increasing surfactants concentrations indicates association of procaine molecules with surfactants micelles. 3 shows the correlation between differential absorbance change (∆A) of procaine hydrochloride and the concentration of surfactants. At the high surfactant concentrations the absorbance at λ max reaches a limiting value and becomes almost constant. In the micellar system, the solute may reside in three different environments: the highly polar bulk aqueous phase, the hydrocarbon core, and the Stern Layer of the micelle. The absorption maxima of procaine hydrochloride showed red shift in cationic and anionic surfactants medium compared with those in aqueous medium. This finding is as expected, because procaine is transferred from a highly polar phase (H 2 O) to a less polar site in the micellar phase; in other words, procaine distributed between micelle/water phases [14, [28] [29] [30] [31] [32] [33] [34] . 
Determination of binding constant
The values of the binding constants K b were obtained according to the method described by Kanakis et al. [35] , Zhong et al. and Stephanos [37] . By assuming that there is only one type of interaction between surfactants and procaine in aqueous solution, Eqs, (1) and (2) can be established:
Where K b is binding constant.
where C PC and C Surfactant are the analytical concentrations of procaine and surfactant in solution, respectively.
According to the Beer-Lambert law: (4&5) and
Where A 0 and A are the absorbance of Procaine in the absence and presence of surfactant, respectively. ε PC and ε b are the molar extinction coefficients of procaine and the complex, respectively. l is the light path of the cuvette (1 cm). By displacing C PC and C b in Eq. (3) by Eqs. (4) and (5), Eq. (6) can be deduced:
Plot of (1/(A-A 0 )) versus (1/C surfactant ) is linear and the binding constant (K b ) can be estimated from the ratio of the intercept to the slope [36, 37] . Fig. 4 shows the plot of (1/(A-A 0 )) versus (1/C surfactant ), at specified experimental conditions. 
Determination of partition coefficient
Absorbance values can be also used for the calculation of partition coefficient, K x defined according to the pseudo-phase model as: (7) where 
The fraction f of the associated Procaine may be defined as:
At a certain C PC , f is equal to zero in the non-micellar region up to CMC and increases with increasing the concentration of surfactant (CTAB or SDS) above CMC. As C surfactant increases up to infinity, f approaches unity since all added Procaine should be solubilized in micelles.
The fraction f can be directly calculated from the experimental data as: (12) where ∆A = A-A w and ∆A ∞ = A ∞ -A w , A ∞ being the absorbance of Procaine completely bound to surfactant (CTAB or SDS). By using Eqs, (11) and (12), Eq, (10) can be written in linear form: (14) From the Eq, (15), the standard free energy change for the transfer of procaine from bulk water to micellar phase can be obtained: (15) Results are calculated and presented in Table 1 . It has been expected that the interaction between procaine and anionic SDS micelles would be the strongest because of the presence of electrostatic forces in addition to hydrophobic interaction. This is supported with diminishing of interaction and reducing binding affinity between procaine and CTAB micelles.
On the other hand binding of procaine to SDS is initiated by electrostatic interactions and strengthened with hydrophobic interactions. Based on the different between binding constants of SDS and CTAB binding to procaine (K b for SDS = 175 and K b for CTAB = 128), it can be concluded that hydrophobic interactions have a great effect on procaine binding to surfactant micelles. In presence of non-ionic surfactant, triton X-100, the absorption spectra showed a weak red shift in low concentrations of triton X-100. By further increasing of triton X-100 concentration, not only we can not see any further bathochromic shift but also we see decreasing of hypercromic effect for these interactions. These shifts are perhaps due to the specific structure of triton X-100 that affects the binding process. The obtained points are low for fitting data to the Benesi-Hildebrond equation and consequent calculating of binding constant and partition coefficient, so the related data for triton X-100 were not presented in the Table 1 . By comparing the partition coefficients, obtained for distribution of procaine molecules between water and micellar phases, (K x = 96 and 166 for SDS and CTAB micelles, respectively) it can be seen that the corresponding amount of K x obtained for CTAB micelles is greater than related amount for SDS. These results indicate that hydrophobic interactions have a major role in the distribution of procaine between micelle/water phases because of the larger tail of CTAB molecules.
Conclusion
According to the chemical structure of the procaine and by comparing the binding constant of procaine with SDS and CTAB micelles, it can be concluded that the binding affinity of procaine to SDS is larger than CTAB micelles and its affinity for triton X-100 is low. The interaction between procaine molecules with SDS micelles is initiated by electrostatic forces, but subsequently the hydrophobic interactions make the major role for procaine-SDS interactions. Additionally, the hydrophobic interactions have the major effect on partitioning of drug between micelle/water phases. In triton X-100-Procaine interactions, both of these forces are weak, demonstrating a low affinity of triton X-100 for binding to Procaine molecules. This low affinity for interaction is due to the specific structure of the surfactant that decreased the head-to-head initial interactions and consequently affects the hydrophobic interactions between the drug and Triton X-100. These results indicate that surfactant molecules can enhance the solubilization of procaine in the water solution of drug.
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